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ABSTRACT 

The purpose of the Dyslexia Association, established 
by school officials, teachers, and parents of the Natchez- Adams 
County School District, was to explore the nature, diagnostic 
techniques, and remediation of this learning disability in order to 
establish a specific program in the public schools. Procedures were 
developed which could be used by para-educational personnel as 
instructors under supervision. In addition, the members of the 
association were concerned with the development of programs which 
might reduce treatment time, be incorporated into the ongoing school 
operation, and, be economica 1 ly feasible. The point of view of the 
project director, in making final decision on the program model, was 
that specific development dyslexia was a neurological dysfunction and 
that there was strong evidence that this dysfunction was hereditary. 
Further, that there were related disorders to the specific reading 
dysfunction, which were probably not of a hereditary nature but 
resembled dyslexia and included other characteristics as well. The 
Alphabetic- Phoene tic- Structural Linguistic Approach to Literacy were 
the materials and methods used. (Author /JM) 
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McLeod (1966) has pointed out: 



"It might well be that the existence of dyslexia 
is more obvious clinically than sanantically. It 
might well be dyslexia has become an abused and emo- 
tionally charged word. It might be that sane clinicians 
have asserted the existence of dyslexia with a dogma- 
tism that has sanetimes tended to vary inversely as the 
experimental rigor with which they have gathered their 
data, but they are not fools." 

Parents who almost literally jam the doors of 
dyslexia centers are not all fools. Many of them know 
that their children are not unintelligent, unmotivated, 
suffering frcm an adverse home condition or cultural de- 
privation or sensory disability or brain damage. They 
also know that they cannot learn by current methods . 
(Shedd 1968) 



Definition - Specific Developmental Dyslexia 



A disorder ir,mifested by difficulty in learning to 
read despite conventional instruction, adequate intelli- 
gence, and socio - cultural opportunity. It is dependent 
upon fundamental cognitive disabilities which are frequent- 
ly of constitutional origin. 

Research Group on 
Developmental Dyslexia 
and World Illiteracy 
MacDonald Cr itch ley. 
President 
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The Report of Secretary's (HEW) National Advisory Committee on Dyslexia 
and Related Readin g Disorders (August, 1969) released many disturbing statistics . 

This report states that: 

* Eight million children in America's schools today 
will not learn to read adequately. 

* The present enrollment in primary and secondary 
grades of our public schools is 51,500,000. The 
average cost per child per year is $696.00. If one 
child in twenty (5%) is not promoted, the national 
loss expressed in economic terms alone is $1.7 
billion. "Unless the causes of failure are deter- 
mined and specific remedial instruction is provi- 
ded, a child profits little from repeating the same 
grade." 

* In the Federal Bureau of Prisons with 20,000 inmates, 
cne half are less than 26 years of age. 96% of these 
dropped out of school before completing high school. 

90% were having reading problems. 

* The problem is nationwide and compounded by the 
shortage of persons adequately trained to instruct 
the failing reader. 

In short, the report's well buttressed main idea is that the work of 
researchers in the field of dyslexia and reading disorders is of national 
scope and urgency and points to a ne^ concept in academic equilibrium. 

The scope of the problem becomes apparent when we observe that Hallgren 
(1950) found 18 percent of the school age population in Stockholm were 
dyslexic, Gripenberg (1963) reported 23.5 percent, in Helsinki, G jessing (1958) 
reported 3.4 percent (only severe cases) in Norway, Preston (1941) reported 
20 percent for the United States. Conservatively 10 percent of the school 
age population are dyslexic and require remedial help. In the United States 
this means that 3.5 million children require help. (Shedd, 19681 
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Section I: Introduction 

AT Statement of Problan 



For many years school officials, teachers, and parents of the Natchez- 
Msns County School District have been aware of and concerned about children 
wxth learning disabilities. It was recognized that there were no ready-made 
soiutions to the local problem, but that sane relatively specific program with 
an e^loratory orientation might serve as a beginning in the recognition and 

disabil ities. In 1959, a program directed specifically 
toward speech and hearing disorders was initiated. This program established 
recognition , referral , evaluation, and remedial procedures for spee c h and 

J Early 1x1 *** operation of this program it was noted 
that children with mild articulation problems, problems of auditory dis- 
crimination, and problans of attention constituted a large number of the 
referrals. , These children were not the subjects of speech aid hearing 
remediation! as ordinarily conceived. Further evaluation of these children by 
psychologists , psychiatrists, neurologists, and pediatricians indicated that 
the nature of the difficulty was dyslexia or sane related disorder. 

. ^School personnel., therefore, cooperated with individuals in the ooimunity 
in the establishment of the Dyslexia Association. The purpose of this organi- 
zation was to explore the nature, the diagnostic techniques, and the remediation 
learning disability with the aim of establishing a specific program in 
tile public schools . In 1967, a Title III grant was obtained which provided 
tile financial base for the realization of a program which had evolved fran 
^previous effort. Fran the beginning, the Natchez Perceptual Development 

t ^ ter ' established under this grant, was a response to a cormunity awareness 
ana concern. J 



B. Significance of Problem 



National concern and awareness has been seen increasingly over the three years 
of the grant operation. Most recently James E. Allen, Jr., former U. S. Cormissioner 
of Education, cited data in the January 26, 1970 issue of U. S. News and World Re- 
port shewing that: , 

*" Twenty-five percent of the nation's students have 
"significant reading deficiencies," and that among 
adults there are more than three million illiterates. 



National advisers to President Nixon state that: 

* Previous Title I and Headstart programs have failed 
and that smaller classes, large amounts of money 
and fancy equipment did not buy improvement in ed- 
ucation. They suggest new looks be taken at these 
programs and only successful procedures be funded 
nationally. 
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Section II: Review of Related Literature 

A~. History 



Though recent s tudie s show reading deficiency to be a national problem 
requiring Presidential concern, recognition of specific reading disabilities 
such as dyslexia and related disorders have been researched for many years. 

Dr. Sylvia Richardson summarized the history of specific reading dis- 
abilities effectively*. (Richardson 1969) 

"Although reading disability was first described by physicians, educators 
have ignored the medical term, dyslexia. This term was suggested in 1887 by 
the German neurologist, Berlin, to replace "word-blindness , " first proposed 
by Knsanaul in 1887. The neurologists used these terms to isolate a central 
car aphasic loss of the ability to read as a result of known brain injury. In 
1895 the ophthalmologist, Hinshelwood, wrote his classical paper on the subject. 
The earliest reports on dyslexic children were published in 1896 fcy Pringle 
Morgan and James Kerr. Morgan described his 14 year old patient as- having 
"congenital word— blindness • " In 1917 Hinshelwood reported on a number of 
children who had been referred to him because their reading difficulty was 
considered due to sane disorder in vision. This did not prove to be the case, 
j Hinshelwood enphasized the importance of two observations: that there were 

often several cases in one family, and that their symptoms were closely parallel 
to those which appeared in adults who had lost the capacity to read because of 
injury to the brain. Hinshelwood was convinced on the. basis of post-irortem 
i examinations that under-development of, or injury to, part of the brain might 

lead to r eadi ng failure. He concluded that any abnormality in the angular 
gyrus of the left side of the brain in a right-handed person might cause 
failure in reading. Such abnormality might be due to disease, birth injury, 
or faulty development. He also said that varying degrees of brain damage or 
dysfunction might account for varying degrees of reading deficiency. 

Following Hinshelwood, attitudes and opinions toward r ea di n g disability 
j; have oscillated like a perdulun. In the 1920's Apert and Potzi postulated 

! developmental delay of functional rather than anatomic nature and there 

gradually arose the notion of a developmental or maturations! lag to explain 
| dyslexia. In the early 1930' s, the American neurologist, Samuel T. Orton, 

l entered the scene. In his book entitled READING, WRITING AND SPEECH PBOBUMS 

f IN CHILDREN (1937) , Orton stressed that language is a function of the central 

f nervous system aid stated ". . . attempts at teaching reading and writing 

| before the iage of six years were unprofitable. It may therefore be pertinent 

| to inquire whether the cortices of the angular gyrus region have reached a 

f sufficient anatomical or physiological maturity before this period to make 

\ reading and writing practical." In discussing obstacles encountered by 

I certain children in gaining a normal mastery of language;, of which readi n g is 

| one component, Orton also mentioned br ain damage as the first and most impor- 

tant factor. After repeated attenpts to loca l ize the area of damage he stated, 
"While no area of the brain can be designated as the center far readi n g because 
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5 an area 

action is^et^fg^ SlS'^SiS £££?“ ° f 

became involved wittldiis SSlenTa^^ a ^ r °^ im f tel y the time that Dr. Orton 
Monroe came forth with her vptv • a ^J ?r< ? ) Pf e f t ^ le term "strephosymbolia, " 
Educators, educational psycholOTi^^S^oH^i CmbDR ™ ^ CACTTYr (1932). 
with the problem, but their writings rarelv ^ )ecame concerned 

and organically determined defect^n readiL a /f eXlstence ° f a specific 

Gradually, reading disability became a rf SL taught by most neurologists, 
be brought about by a multitude of facte?? CO] ? dltion that could 

a peak when Robinson listed at least a a™! ^ multlfactorial notion reached 
in 1946. It should be SStS oS TTt * **** of readi »3 failure 

the authors of the two b^So?? rJSS^f' ^ Fernald *“* Gilli ^^ r 

neurological factors^^f LSd^ felt that 

"due to certain variations^ Sf infcSS “ ** Condition was 

s«e region as that in whir* the lesiSTis ^ 

Critchley^ {^olSsS 1 !^!^ 1 ^ 9 ! 1133 Stat6d suocint ly by MacDonald 
stated,%he SgumLts in^ara (1964) . He • 

developmental dyslexia occurrim '^■J t f nce of a specific type of 

the ’olla podrida- of lSS s , m^^said? bu ^."° solo 5 icall y a Pfrt froa 

These comprise: persistence into" adulthood; the peeni i^ar^ 0 ^^?? 115363 * 
of the errors in reading and wriHtvr. ^ r?T ^ specific nature 

aM the frequent assoStS $£&£££££*£ 

outside of Seir co^ti^f^^^ to learn to read fall 

b^vioral to Sato^° n aS°^ Kith S?* learni ^ •# 

secondary to psychological, educational 3 reading retardation 

latter would include anxiH-v whi^v> ' e nvirormental causes. The 

e^tatiS S^So^g'h^? 11 “ a child ' — unrealistic adult 

Characteristics 

with de- 

S^SSS: a-j^^;353£rs»J5f: 

“ ° f dif£erin9 the first 2e^Ttof£^: h ^ on 
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cental Dyslexia - 

" f ^ - — « «'*“" 4 ^ 

1. Sg^ial newelo oneatal Dyslexia. 

A disorder manifested by difficulty , t ^ n d sociSultural 
conventional futtiamental cognitive disabilities 

S^l^enSy&ti^ional origin. 

2. Dyslexia . 

A disorder in ^ writing 

*£2 intellectual abilities. 

Critchley, President 

of this group, goes on to state tha another. However, that 

Sre ooittrf by the normal r ^^“^L pe s of reading disabilities 
dyslexia was a arboSoSTtte oeculiar an^pecif « 

was recognizes by its persistence h ; m its. -resistance to remedial 

rtur?Ta* — “J£S, , S S« and the freTient association 

^&^oTdefeots. (Critdhley. 1964, 

■ The term is to 

capacity for aoquaxing, _ correspondent to ave- 

ficiency in reading is aperient on con- 

rage performance; d „ is often accompanied 

stitutional factors (h Sobols (numbers, iraisical 
by difficulties with J*her gritol Qf ^ lleCtua l 

• notation, etc .) r — sense organs which might 

rftS S^Lrnaf accortpUshrt^t o^^^ ^ 

The disab ility first appeared in r f ad ^^^J f ^^tor^imathata a«i 
Later it may have affected p^f arroan^ in education might have 

1962), - v ■.'■•■ Twantal 
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he was free from serious primary neurotic traits; although, because of the 
manifestations of his disability, be may have had secondary emotional 
overlay. He hai no gross neurological deficits, But scnetimes as marked by 
a delayed or incomplete establishment of one-sided motor preferences • (Critchley , 
1964) 



These children were also known by their variability of performance. Errors 
in reading were present at one time and not another • Their readi n g indices 
may have varied fran day to day. They were also characterized by varying degrees 
of distractibility and fatigue. (Critchley 1964) 

The characteristics involving reading were numerous. The dyslexic could 
not learn by the "look-and-say" or global systems of reading instruction be- 
cause he rraild not remember word patterns or word pictures. (Schiffman, 1961) 

He failed to recognize likenesses and differences between words similar in 
spelling, sound or general configuration. (Critchley, 1964) . He read long 
words better then short because of the mare distinctive configuration or details 
of long words. He had an uncertain memory for shapes of letters and could not 
obtain a general impression for comprehension of the whole even if he tried 
to analyze it. (Hermann, 1959) 

He incorrectly pronounced vowels and consonants. He was confused in 
the orientation of letters such as b and d and £ and g.; in the order of 
letters in words such as was and saw , on and no , and left and felt ; and in 
short sequences of words. Because of such reversals he had been called a 
"mirror-reader . " (Schiffinan 1962) ■ 

In addition, he interpolated phonsnes incorrectly in words like trick 
and tick or, conversely, dropped than entirely, calling tick rather than 
trickl Perseveration or repetition of syllables or individual letters was 
carmen. Also in reading the dyslexic substituted meaningful words for words 
in the text. He found difficulty in switching fran the right end of a line 
of print to the beginning of the next line at the left. He was likely to 
guess wildly at the pronunciation , particularly of unfamiliar words. The 
errors also lead to undue vocalizing of sounds while the dyslexic was attempt- 
ing to read silently. At times he simply refused to read a word or phrase. 
(Critchley, 1964) 

In the person with dyslexia there was a general failure to read with 
understanding. The problem lay in his inability to grasp the mechanics of 
reading. "He cannot associate the printed word with the appropriate unit of 
experience." (Myklebust and Johnson, 1962) Dyslexics had difficulty in 
establishing concepts, particularly those involving letters of the alphabet. 
(Money, 1962) 

Bociripc: the primary traits described above, the dyslexic child often had 
secondary lan g uag e difficulties or delays. Speech might have been imperfect 
or delayed* Those with specific dyslexia were poor oral reade r s . (Critchley, 
1964) Slight problsns with articulation in irregular speech patterns have 
been observed; (Roger H. Sanders, 1962)^ "cluttering" and infantile perseveration 
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of speech was associated with dyslexia. (Hardy, 1962) 



Dysgraphia was observed in sane dyslexics . 



"An overall untidiness of penmanship is coranon but 
is not an essential far occasionally a dyslexic will 
write in quite a neat fashion with all the errors 
conspicuously displayed, ftnong the characteristic 
defects in writing the dyslexic may show: malalign- 

ment; intrusion of block capitals into the middle of 
a word; emissions or repetitions of words and letters; 
rotation of letters; odd punctuation marks; and mis- 
spellings. Besides the cannon error of the ignorant 
or of the habitual bad speller, unusual and even 
bizarre mi stakes are to be found. Typical faults 
comprise the partial or complete reversals of groups 
of letters so that for the word NOT we may find OUT 
or TWO, or even TON." (Critchley, 1964) 

Unorthodox joining of adjacent letters was oarmon. The linkages were too 
long or short, and the strokes intersected. The general tendency was ". . . for 
the dyslexic to spell as he writes, phonetically . . . (Critchley 1964) 
although writing might have been spontaneous from dictation, writing copied 
from a model was poor. (Benton 1962) The dyslexic experienced difficulty in 
notetaking and copying from the blackboard. (Saunders, 1962) 

Subsidiary neurological signs my have accompanied dyslexia. Spatial 
disabilities were found in drawings and modeling; in use of prepositions such 
as on, under, and below; in mathematical calculations on paper; in left-hand 
margins which were either too narrow, too wide or which descended obliquely; 
and in combinations of topographical and corporal awareness in the use of maps 
and clocks or in giving dir ections. Corporal awareness disabilities became 
apparent when the dyslexic was dressing, tying his shoe or trying to name his 
individual fingers. The dyslexic's disorders of motility affected his ability 
in v>ai i qames and in puzzles. Temporal disturbances appea r ed when the dyslexic 
individual encountered sequence: rhythm; naming of the days of the week, month 
in the y ear , or years in sequence; history; tenses of verbs; and remembering 
past events. The disabled child had difficulty in distinguishing colors or 
in naming colors correctly. Motility disorders also affected a general awk- 
wardness in motor activities of the child. (Critchley, 1964) Many of the 
ne u rological manifestations occurred inversely with the age of the dyslexic. 

The younger the child, the more like’ - was the appearance of the neurological 
signs. (Critchley 1964) 

Richardson (1966) has pointed out: Rather general agreement can be found 

among teachers, psychologists* neurologists and pediatricians thau characteristic, 
behavioral signs include: T. poor auditory memory, 2. poor auditory discrimi- 
nation, 3. poor sound blending,. 4. poor visual memory, 5. poor visual dis- 
crimination, 6 inadequate ability in visual and visual-motor sequencing, 

7. lack of or a weakly established cerebral dominance, 8. right-left confusion 
with problems of laterality and directionality, 9. fine motor incoordination, 

10. nort-specific awkwardness or clumsiness, 11. ocular imbalance, 12. attention 
defect and disordered hyperkinetic behavior. 



C. Etiology 



As has been noted previously, the syndrome of dyslexia has been known 
for many years by neurologists, educators and psychologists. Perhaps because 
of lack of definition of a tangible central nervous system lesion and because 
of, until recent years, there was no good clinical or laboratory methods of 
evaluating subtle central nervous systan pathology , the discipline of medi cine 
had not been as keenly interested in the problem as that of education and psy- 
chology. These latter two disciplines, although interested in etiology, have 
confined themselves more to elucidating the problem, defining c haracter! 
of the syndrome, and attempting remediation of a problem that was in e xistence . 
Confusion has arisen in determining etiology as in defining the c har ac teri g ' H <" , s 
of learning disabilities and, especially, specific disabilities such as dyslexia. 
This has perhaps resulted partly frctn the fact that frequently authors have 
described large series of children with multiple problems in school, and 
various clinical and psychological findings while not recognizing that such 
heterogeneous group may be caused by several etiological mechanisms , and 
have .employed general categories* 

A review of the literature of the last 10 years in medical journals con- 
cerning prematurity, small for gestational age infants, birth trauma, malnu- 
^ r ^^ LOn ' n^tabolic disturbances, dehydration, central nervous system infections, 
cultural deprivation, jaundice, hypoglycemia, and neurological dysfunctioning 
indicates a growing concern on the physician's part as to what role these factors 
play in specific learning and behavior disorders. For approximately the last 
15 years, physicians, particularly obstetricians, and pediatricians have be- 
come increasingly concerned with "high risk babies." In the past, if a baby 
was born apparently normal and dismissed from the hospital with normal life 
signs, the physician felt he had a normal baby. However, as sophistication 
has increased in the area of learning disabilities, the physician has beocnte 
more sensitive to the pre-natal, natal, and post-natal factors which can cause 
subtle learning disorders at a later date. No longer does the careful pedia- 
trician check the baby for gross maladies but new he more precisely notes any 
deviation fran the norm in the family or birth history for future reference. 
Further, he will carefully record any evidence of hypoxia, jaundice, or other 
illness no matter 'hew apparently trivial. 

The most articulate exponent of a maternal etiology have been A. A. Kawi 
and. B. Pasamamck, who found that in 16.6% out of a series of 205 children 
with reading retardation, there had been complications during the mother's 
pregnancy such as preeclampsia, bleeding, or hypertension. Of a control 
group of normal 'veaaers maternal incidents of this kind occurred in only 1.5%. 

In the authors' view, severe difficulties of this type can lead to stillbirth! 
abor tion and pre-natal death while in a descending gradient, lesser difficulties 
conduce to cerebral palsy, epilepsy, and behavior disorders whilst the most 
benign form of brain damage is followed by faulty speech and congenital 
dyslexia. (Critohley 1964) 



Considerable literature has accumulated an the effects of prematurity 
on a newborn and his psychological attainments l ater in life. 

In 1956 Knobloch, et al reported on the physical and mental status of 
992 infants who were given the Gesell Developmental Examination as well as 
a routine physical examination. This group consisted of 500 single bom 
premature infants who were compared to 492 term bom infants. The com- 
parison was made at age forty weeks for the full-term infant and at the cor- 
responding corrected age for the premature infants. The two groups were 
matched as to race, socio-economic status and other significant factors. 

The incidence of abnormalities was found to increase as the birth weight 
group of the infant decreased so that 50.9% of the infants with a birth 
weight less than 1501 grams had defects ranging from minor neurological 
damage to severe intellectual deficiency. Seme of these also had major vis- 
ual handicaps. 

In a later report Knoblock and Pasamanick (1959) noted that as the 
birth weight of an infant decreases, the amount of disability in a variety 
of aspects of growth and development increases. In regard to neurological 
status, for example, 26.3% of those infants with a birth weight of 1500 grams 
esc. less have neurological abnormalities of sufficient degree to cause serious 
Concern about their future development. The comparable figures for the re- 
mainder of the premature infants and for the full term control are 8.2% and 
1.6% respectively. Corresponding figures for the percentage of those with 
minimal cerebral damage which they believe to be the precursor of later 
learning and behavioral difficulties are 22.8%, 16.8%, 16.0%, and 10.0% 
respectively. 

In 1965, Gerald Wiener reporting on 442 lew birth weight children com- 
pared to 415 full term children when examined at six to seven years of age, 
using a battery of six psychological tests and controlling such factors as 
race, maternal attitude, and social class factors, concluded that premature 
children are psychologically impaired and this degree of impairment increases 
with de.creasing birth weight, however, they felt that lower birth weight as a 
cause of poor performance was seen largely in those infants associated with 
seme degree of perinatal trauma or a composite index suggestive of neurological 
damage or both. These children also shewed more difficulty in the perceptual 
motor, area, had more difficulty in comprehension and abstract reasoning, 
displayed more perseveration, poem: gross motor development, immature speech, 
and IQ impairment than the term infants. 

Wiener, et al , in a further study of the same group at age eight to ten 
years of age, still point out that low birth weight children are impaired 
on a wide variety of psychological factors including ten subtests of the Wesch- 
ler Intelligence Test for Children. The v degree of impairment is greatest for 
children with smaller birth weight. When intelligence test data far eight 
to ten year old children are compared with the data obtained on these same 
children at age six to seven years, it appears that "catching up" has not 
occurred. It should be ampJiasized that the impaired performance represents 



a relative group trend; however, lew birth weight, when associated with 
indicators of neurologic pathology constituted a high risk category. Douglas, 
in his study of prematurely bom children at eight years of age, found 
these children soared less than their control in test of reading, vocab- 
ulary and intelligence but were proportionately the most handicapped in 
reading. 

Moreover, when the same children followed by Wiener were tested again 
at age twelve to thirteen they were found to be still relatively impaired 
on tests of reading and arithmetic achievement. Grade placement was below 
age expectation. The effect of lew birth weight was not as pronounced for 
reading as for arithmetic and this finding was consistent with earlier 
findings. It was felt the educational implications for the factor of lew 
birth weight could became more impressive when the epidemiological correlates 
of lew birth weight were considered, Negroes, lower socio-econanic individuals, 
and people with inadequate medical care have a relatively high incidence of 
this disorder. It was felt that the consequences of prematurity and other 
perinatal pathology may account for a significant portion of the academic 
figures so frequently observed in disadvantaged children., 

More recently, Eaves, et al.. , (1970) in a prospective study of 502 lew 
birth infants as compared tcT"207 control in which developmental and psycholo- 
logical test scores were obtained present data to show once again that children 
of lew birth weight subsequently, perform less well than controlled children 
of full birth weight, at least throughout infancy. Small for gestational age 
infants do much better for at least 18 months than similar weight premature 
infants, presumably because their nervous system is more mature at birth in 
accordance with their greater gestational age. At four years of age, however, 
they found the mean abilities of different weight groups have became similar. 
Sane of this change in the magnitude of the differences may be attributed to 
the use of different psychological measures. The infant subtest used in this 

study (Griffiths') has five subtests involving locomotion, oersonai socia.1 
development, hearing, speech, eye-hand coordination and performance, while 
later childhood psychological measures emphasize language and concept devel- 
opment. This study also involves examination of a social economic factor in 
which the social class rated I through V of 212 children with birth weights 
less than 2041 grams relative to IQ was examined. When low birth weight 
children were compared with controls of full birth weight and of comparable 
social backgrounds, the latter group performed better on the Griffiths' test; 
however since differences were greater in social classes IV and V than I and 
III, the effect of low social class may compound the difficulty of lew birth 
weight. Later in life these difficulties are even greater. Children in lew 
social classes begin at a lew level and change little while in the higher 
classes improve and by 4 years of age obtain much higher scores on IQ. The 
authors fee], that birth weight is the dominant factor determining the rate \\ 
of mental development in children of lew birth weight during infancy, where 
as socio-economic factors may became a more important consideration later. 
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The problem of hyperbilirubinemia has been investigated many times. The 
usual studies relate to kemicterus and severe intellectual and motor disorder. 
However, Hyman et al (1969) feels hyperbilirubinia may cause brain damage of 
a more subtle and non-specific nature than the classical atheposis indefinus. 

In a recent study Gartner, et al . (1970) reported on autopsy findings 
in 16 pranature infants that died between the 3rd and 6th day of life of 
which 9 showed evidence of yellow staining of the brain with necrosis of 
brain cells in the stained areas, thus meeting the pathological diagnosis of 
kemicterus. The total serum bilirubin concentration of this group ranged 
from 9.4 mg. to 15.6 mg. per 100 ml', whereas in the other group total serum- 
bilirubin levels were from 8.8 mg. to 17.2 mg. per 100 mis. In no instance 
was kemicterus diagnosed in the antemortem state. This would make one 
wonder as to the long range effects of even mild hyperbilirubinemia on the 
premature that survived without apparent neurological disorder, or, the term 
infant that also developed mild hyperbilirubinemia from any cause that sur- 
vived, reference to his future psychological and intellectual capacity. 

Ackerman, et al . (1970) felt frcm their study that a level of 20 mg. per 100 
mis. is too high a criterion to use for exchange transfusion in small, criti- 
cally ill, premature infants. Gartner, et al. ocranented that frcm their 
observations a reccnmendation that all sick, lew birth weight infants receive 
exchange transfusions at serum bi lir ubin concentrations of as lew as 9 or 
10 mg. per 100 mis. be performed. Hcwever, they note this would result in 
performance of exchange transfusions in well over half of all lew birth weight 
infants and perhaps, a marked increase in overall mortality. 

The recent advent of phototherapy for hyperbilirubinemia conceivably should 
cut dewn on the exchange transfusion need by preventing the rise of the level 
of total serum bilirubin in the infant. Hcwever, the usefulness of phototherapy 
is not in the infant already jaundiced, but in the small, critically ill, and 
particularly bruised, premature infants in whom hyperbilirubinemia can be 
anticipated according to Lucy, et al , (1968) 

Of late, there has been increased attention given to the ill effects of 
brain development resulting frcm malnutrition in utero or in early infancy. 
Winick and his group using biochemical techniques to estimate total DNA, ENA, 
protein, and brain weight for the computation of brain cell size have made 
considerable contribution along this line and have noted that severe, early 
malnutrition retards cell division in the human brain. (Winick, 1969) 

This computation is based on the fact that DNA is found almost ex- 
clusively in the nucleus of a cell and in a fixed amount. Therefore, as DNA 
increases in an organ this must represent an increase in cell number . Further 
weight increase of the organ with no increase in the DNA content then is due 
to increase in protein content of each cell. 



10 



ERIC 




Fish and Winick, (1969) emphasize that organ growth is not a homogeneous 
process, especially in the brain. They note that specific regions may grew 
at varying rates in the rat brain, and found a marked increase in cell numbers 
of the cerebellum between the 6th and 17th days, whereas in the cerebrum, cell 
numbers increased more slowly but for a longer period of time. In the brain 
stem, the increase in cell number was slowest and occurred for the shortest 
time. If malnutrition occurred, beginning either in utero or immediately 
after birth, brain growth is retarded by interfering with cell division. If 
re-feeding is initiated after the period of cell division, recovery does not 
take place. If, however, an adequate diet is instituted after the period of 
cell division has ended, no effect on DNA content or cell number is seen. 
Instead, the protein DNA ratio is reduced but returns to normal when the animal 
is subsequently re- fed. This would imply then that different functional areas 
of the brain could be disturbed depending upon the time malnutrition has been 
allowed to occur. 

Analysis performed on fetuses obtained at theraputic abortion and infants 
who died accidentally shewed that the number of cells in the brain increases 
linearly until birth and then more slowly until 6 months of age. after which 
an increase in weight only continues until adolescence. The brains of Chilean 
children who had died of malnutrition within the first year of life all contain- 
ed fewer cells than normal then when compared to the brain of 10 "normal", 
well nourished Chilean children who had died accidentally. In several brains, 
the DNA content was only 40% of the expected figure. (Winick, M. , Rosso, P.: 

The effect of severe early malnutrition on cellular growth of human brain. 
PEDIATRIC RESEARCH (1969) 

In a study of 19 malnourished infants by Chase and Martin (1970) ten 
infants in wham undernutrition persisted longer than the first four months 
had a mean DQ of 70 three and a half years later. In the nine where mal- 
nutrition was corrected before four months of age, there was a normal DQ three 
and a half years later. These authors noted that longer follcw-up will be 
necessary to determine all the ill effects of malnutrition in this early period, 
especially since damage to the central nervous system as evidenced by minimal 
brain dysfunction, specific learning disorders or perceptual problems may 
not be diagnosed until later childhood. 

Stoch and Smith (1963) demonstrated on follcw-up of children who had 
been malnourished, there was severe functional impairment but noted it was 
impossible to determine hew much of the effect was due to malnutrition and 
hew much to the associated adverse socioeconomic conditions including poor 
housing, poverty and parental neglect. Other workers in Mexico and Guatemala 
felt the poor performance of school and pre-school children on psychological 
testing was related to dietary practice rather than to socioeconomic variables . 

(Cravioto, S., st al ) They also noted these variable were lower in children 
that had been malnourished in the first 6 months of life. 
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Hie long term effects of encephalitis and meningitis on survivors of 
these severe disorders is canning under scrutiny. At the meeting of the 
American Pediatric Society and Society for Pediatric Research, in 1970, Dr. 

Sarah Sell of Vanderbilt University reported on 21 children who had recov- 
ered from influenza meningitis before the age of three. These children were 
6 to 15 years old at the time of testing and were ccnpared with the siblings 
closest to than in age on the Weschler Intelligence Scale. The mean IQ for 
children in the study was 86 while that of their sibling controls was 97. 

Another study evaluated the psychological and perceptual performance of 25 
children who survived bacterial meningitis before the age of 3 with no appar- 
ent sequalae . All of these children were enrolled in regular public school 
classes. Study children has significantly lower mean. scores than their con- 
trols on such parameters as psycho linguistic development, visual perception 
and voc abular y quotion. All of the children in both study groups has 
received appropriate antiobiotic therapy in a hospital. In the light of 
these findings, Dr. Sell concludes prevention of meningitis, rather than 
cure, remains a worthwhile goal. 

In Houston an active research is going on concerning metabolic problems 
and their relation to learning disabilities. Dr. Mary Allen has been search- 
ing for enzymatic defects in blood, muscle, skin and fat in children referred 
with behavioral and learning disorders . She feels if there is a consistent 
specific enzymatic defect in these four tissues in vivo then there is probably 
a similar defect in the CSN tissue. This laboratory is working on the premise 
there is failure to utilize activating substrater , such as vitamins for proper 
functioning of the enzymatic processes. Dr. Allen is also concerning herself 
with failure of utilization of glucose thus producing an apparent hypogly- 
cemic state in certain individuals . (Mary Maurice Allen, M.D. , : Personal 

Catmunication) 

For sane time it has been felt cerebral hypoxia occurring pre-na tally or 
at time of delivery can cause brain damage. One set of problems has been hew 
much hypoxia can be sustained, for hew long, .and when does it have to occur 
in gestation to produce demonstrable pathologic changes post - natally. 

Another major problem in the human is hew to determine if hypoxia is occurr- 
ing and when. 

Favo and Wirdle (Favo, M. D., Windle, W. F., 1969) examined the brains 
of 22 rhesus monkeys 10 months to 8 years 9 months after neonatal asphyxia- 
tion of varying times and compared to five non-asphyxiated controls. In 
addition co primary changes noted from the initial oxygen deprivation insult 
there were secondary changes present beginning ten months or more after birth 
of the monkeys. This secondaf^deyeneration w§i* transneuronal and was felt 
to involve many regions of the brain, but was most clearly seen in the thalamic 
projection areas of the cortex. The reticular formation was another region 
showing changes with time. The interesting finding in this study when the 
authors compared with their own previous work (Windle, W. F., Jacobson, H. N., 
de Arellano, M. I., and Catibs, C. M. , 1962) involving studies of brains shortly 
after asphyxiation of varying times was the lack of damage noted when the 



monkeys were deprived for less than 7 minutes; but, on this extended study 
slight neuronal loss and gliosis were detected in specimens 2 years 5 months 
to 7 years 11 months old frcsn monkeys also asphyxiated for less than 7 minutes. 
This adds emphasis to the feeling that birth hypoxia does not have to be so 
great as to require resusitation for survival to leave its mark on the brain. 
This would imply that the asphyxiated human infant who may not have required 
extensive resuscitation at birth may nevertheless be minimally and subtly 
brain-damaged. What effect this has on intelligence can only be speculative. 

Tcwbin (Towbin, A., 1969) emphasizes the Occurrence of two different 
patterns of cerebral damage from hypoxia depending upon the time of gestation 
the insult occurs. He has demonstrated that damage is predominately in the 
deeper areas of the brain such as the basal ganglia and periventricular white 
matter when oxygen lack occurs between 25 and 35 weeks gestation. In infants 
near, or at term, the cerebral cortex becomes the target of hypoxic damage. 

His findings demonstrate the frequent and paradoxical occurrence of cerebral 
palsy and other forms of neurologic disturbance in infants bom with a history 
of a normal non- cyanotic delivery. 

t 

b. Neurological Considerations of Developmental Dyslexia and 
Related Disorders 



Suggestions of the possibility of neurological dysfunction- 
ing appeared in the works of Morgan, Hinshalwood, Rutherford, Rans- 
chburg, and Orton. (Penn, 1966) In 1940 Kirk regarded word-blindness, 
alexia, and dyslexia as denoting cortical deficiency. (Kirk, 1940) 

In 1922 Gray stated, "It has been suggested that such cases are due 
to partial interruptions in the connecting fibers between the primary 
(apperception) and secondary (memory) brain centers." (William Scott 
Gray, 1922) 

Penn, in a detailed investigation of current medical positions 
on causes of dyslexia said that current research was concerned with the 
question of damage to the parietal occipital area of the brain (Penn, 
1966) Whitsell reported that Drew in 1956 studied three dyslexics in 
one family and found "parietal lobe involvement as the aiiatomic sub- 
strate for a disturbance of the Gestalt function." (Whitsell, 1965) 

On the other hand, Geschwind hazarded to guess that developmental 
dyslexia, similar to acquired dyslexia, was a result of destruction of 
the splenium in addition to destruction of the left visual cortex. 
(Geschwind, 1962) Hcwes summarized Geschwind' s theory. 

The mechanism he proposed attributes word blindness to the 
joint occurrence of lesions: one destroying the left visual 

cortex and the second destroying, the splenium and perhaps 
adjoining white matter of the left occipital cortex. (Davis 
Hcwes, 1962). 
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Custafson and Ccursin paraphrase several writers and conclude, 

"The etiology seems to lie within the neurologic makeup of the 
child, possibly due to minimal cerebral damage and/or a slow 
myelinazation of the nerve tract." (Sarah R. Gustafson and David 
Baird Coursin, 1967) 

Many authors recognize neurological dysfunctioning 
out did not recognize a specific lesion or localization of 
dysfunctioning. 

Hardy recognize central nervous system peculiarities. He 
considere the defect to be "somewhere in the various reverbera- 
tory circuits of the brain." The inadequacies in the feedback 
circuitry was "an inadequacy in the reinforcing mechanisms which 
make processing, pattern formation, and retention possible and 
productive . (Haixly, 1962) S linger land thought that CNS dysfunction- 
ing prevented "simultaneous perception and integration of sight and 
sound symbols with tneir kinesthetic 'feel' in the speech mechanism 
and the hand. " (Seth M. Slingerland) Prechtl found that in deal- 
ing with children of nonspecific lesions of the CNS with impaired 
general performance in reading as a side effect, a choreiform 
activity lessened ability to fixate and concentrate and also led 
to a lag in the development of cerebral dominance and delay in 
the development of reading. Prechtl, (1962) . Ellington associa- 
ted faulty visual perception with neurological iirmaturity. 

(Ellingson, 1967) 

In summary, the most recent survey of the various etiologies 
was made by Ajuriaguerra and associates. Basic etiologies currently 
ascribed to are as follows: 

1. . . . peripheric or central physical damage to the nervous 
system. 

2. . . . specific type of disorganization which would follow 
a disorder of hemispheric dcminance. 

3. . . . constitutional hereditary disorder. 

4. . . . inmaturity, (de Ajuriaguerra 1968) 

Most neurologists, however, would be reluctant to visualize 

in developmental dyslexia any focal brain lesion, dysplastic, 

traumatic or otherwise, despite the analogy of the acquired 

cases of alexia after brain damage. (Critchley 1964) 

They would rather feel* as Critchley states that within the 
heterogeneous ccnmunity of poor readers (slow readers, retarded 
re ader s) there exists a specific syndrome wherein particular 
difficulty exists in learning the conventional gleaning of verbal 



symbols, and of associating the sound with symbol in appropriate 
fashion. Such cases are earmarked, it has been said, by their 
gravity and their purity. They are "grave" in that the difficulty 
transcends the more caution backwardness in reading, and the prognosis 
is mare serious unless sane special steps are taken in educational 
therapy. They are "pure" in that the victims are free from mental 
defect, serious primary neurotic traits, and all gross neurolog ical 
deficits. This syndrome of developmental dyslexia is of constitu- 
tional and not of environmental origin, and it is often - perhaps 
even always - genetically determined. It is unlikely to be the 
product of damage to the brain at birth, even of a minor degree. 

It is independent of the factor of intelligence, and consequently 
it may appear in children of normal I.Q. while standing out con- 
spicuously in those vho are in the above-average brackets. There 
is of course no reason why the syndrome should not at times happen 
to occur in children of subnormal mentality though diagnosis might 
then be dif ficult. Other symbol-systems , e.g. mathematical or 
musical notation, may or may not be involved as well. The syn- 
drome occurs more often in boys. The difficulty in learning to 
read is not due to peripheral visual anomalies, but represents a 
higher level defect - an asymbolia, in other words. 

As an asymbolia, the problem in dyslexia lies in the normal 
"f lash " or global identification of a word, as a whole, as a symbolic 
entity. Still further, the dyslexic also experiences a difficulty - 
though of a lesser degree - in synthesising the word itself out of 
its component letter-units. Herein lies a two-fold task, carprising 
first that of interpreting the sound of the word and, secondly, its 
appropriate meaning. The minor neurological signs of developmental 
dyslexia as noted by Rabinovitch are (lj disorders of spatial 
thought; (2) impaired temporal notions; (3) inadequate inconsis- 
tent or mixed cerebral dominance; (4) defects of speech or of 
language; (5) disorders of motility and (6) poor figure-background 
discrimination. (Critchley, 1964) 



II. Genetic Theories of Developmental Dyslexia 

Heredity is considered by many authors as possibly the only 
cause for specific developmental dyslexia. C. J. Thomas in 1905 
suggested that the disability was a family trait. (Hermann, 1959) 

In his 1917 monograph Hinshelwood also favored familial influences 
as a primary cause. (Critchley, 1964) . Dearborn in 1925 studied 
the findings of earlier writers who had traced family trees and dis- 
cribed four cases of his own in whom reading disability seemed 
hereditary. (Vernon, 1957) . In 1942 Skygaard published several 
genealogical tables tracing the family occurrence of dyslexia, thus 
adding to the evidence. (Critchley, 1964) . Hermann cited Hallgren, 
who in 1950, according to Hermann, firmly established heredity as 
a major cause of vrard-blindness . (Hermann, 1959) 
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